(19) 



EuropSisches Patenlamt 
European Patent Office 
Office europ^n des brevets 



(11) 



EP 0 832 896 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

01.04.1998 Bulletin 1998/14 

(21) Application number: 96917686.6 

(22) Date of filing: 14.06.1 996 



(51) Int. CI.^: C07F 9/6561 , A61 K 31/675 

(86) International application number: 
PCT/JP96/01631 

(87) International publication number: 

WO 97/00262 (03.01.1997 Gazette 1997/02) 



(84) Designated Contracting States: 
DE ES FR GB IT 

(30) Priority: 15.06.1995 JP 149014/95 

(71) Applicant: 

MITSUBISHI CHEMICAL CORPORATION 
Chlyoda-ku, Tokyo 100 (JP) 

(72) Inventors: 

• UBASAWA, Masaru, 
Mitsubishi Chemical Corporation 
Yokohama-Shi, Kanagawa 227 (JP) 

• TAKASHIMA, HIdeaki, 
Mitsubishi Chem. Corporation 
Yokohama-sht, Kanagawa 227 (JP) 



• SEKIYA, Kbuichi, 

Mitsubishi Chemical Corporation 
Yokohama-shI, Kanagawa 227 (JP) 
« INOUE, Naoko, 
ivntsubishi Chemical Corporation 
Yokohama-shI, Kanagawa 227 (JP) 

• YUASA, Satoshi, 

Mitsubishi Chemical Corporation 
Yokohama-shi, Kanagawa 227 (JP) 

• KAMIYA, Naohiro, 
Mitsubishi Chemical Corporation 
Yokohama-shi, Kanagawa 227 (JP) 

(74) Representative: 

Godemeyer, Thomas, Dr. 
Hauptstrasse 58 
51491 Overath (DE) 



(54) PHOSPHONATE NUCLEOTIDE DERIVATIVES 

(57) A compound represented by the following general formula (1) which has an antiviral activity: 



NR^R2 
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^ wherein represents hydrogen atom. CyC^ alkyl group, or C7-C10 aralkyi group; represents Ci-Cg alkyi group, C7- 
^ C10 aralkyi group, or phenyl group: R'^ and R^ independently represent h^rogen atom. d-Ce alkyl group, acyloxyme- 
00 thyl group, acylthioethyl group, or ethyl gorup suljstituted with at least one halogen atom; R^ represents hydrogen atom, 
Q Ci-C4 alkyl gorup, 0^04 hydroxyalkyi group, CrC4 alkyl group substituted with at least one halogen atom; and X rep- 
resents carbon atom or nitrogen atom. 
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Description 

Technical Field, 

5 The present invention relates to novel phosphonate nucleotide derivatives. More specifically, it relates to novel 
phosphonate nucleotide derivatives which have antiviral activity and are useful as active ingredients of medicaments 

Background Art 

10 Viral infectious diseases are recognized as a major medical problem, and to achieve therapeutic treatment of these 
diseases, it has been attempted to develop medicaments having antiviral activity and not exhibiting growtti inhibitory 
activity on healthy cellular systems. For example, a class of phosphonate nucleotides has been intensively studied 
recentiy as compounds having selective toxicity against viruses. More specifically, it has been reported that 9-(2-phos- 
phonyimethoxy)ethyladenine (PMEA), 9-{2-phosphonylmethQxy)ethyl-2,6-diaminopurine (PMDAP) and the like are 

15 effective against herpes simplex viruses type-1 and type-2 (HSV-1 and HSV-2), human immunodeficiency virus (HIV), 
and human hepatitis B virus (HBV) (Yokota et al., Antimicrob. Agents Chemother., 35, 394 (1991); and Votruba et al. 
Mol. Pharmacol.. 32, 524 (1987)). 

However, these known phosphonate nucleotides may possibly have toxicity to a living body, including myeloid cell 
growth inhibition as a typical example, and mutagenicity, and their problems have been pointed out from a viewpoint of 

20 safety (Antiviral Research. 16. 77 (1991)). In addition, these compounds have insufficient oral absorbability (DeCIercq 
et al., Antimicrob. Agents Chemother.. 33, 185 (1989)), and accordingly, parenteral administration such as intravenous 
injection or intramuscular injection is unavoidably applied in order to obtain an essential blood concentration for exhib- 
iting efficacy. Therapeutic treatment by parenteral administration cannot be applied to patients other than inpatients, 
and such method is undesired for ti-eatment of diseases such as AIDS or hepatitis B virus infectious disease which 

25 require long-term therapy 

On tine other hand, tiie inventors of the present invention found that specific ester derivatives of phosphonate nucle- 
otides have antiviral activity and high oral absorbability (European Patent Publication No. 632.048). Howver. tiie deriv- 
atives have not yet been clinically developed. 

30 Disclosure of the Invention 

The inventors of tiie present invention conducted intensive researches to solve the foregoing problems, and a 
result, they found that a specific dass of phosphonate nucleotides having nov^ chemical structures have higher antivi- 
ral activity conrTpared to compounds already reported, and that they are safer to a living body and have high oral absorb- 
35 ability. The present invention was achieved on the basis of tiiese findings. 

The present invention thus provides phosphonate nucleotide derivatives represented by the following general for- 
mula (1) and salts thereof, and hydrates and solvates thereof: 



(1 ) 



55 

In the above formula, represents hydrogen atom, a C^-Ce alkyl group, or a C7-C10 aralkyi group; R^ represents 
a Ci-Cg alkyl group, a C7-C10 aralkyi group, or phenyl group, R^ and R^ each independently represent hydrogen atom. 



NR^R2 
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CH2CHOCH2P-OR3 
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a CyCs alkyi group, an acyloxymethyl group, an acylthioethyi group, or an ethyl group substituted with one or more hal- 
ogen atonns; represents hydrogen atom, a C1-C4 alkyI group, a CrC4 hydroxyalkyi group, or a C1-C4 alkyI group 
substituted with one or more halogen atoms: and X represents carbon atom or nitrogen atom. 

According to further embodiments of the present invention, there are provided medicaments comprising the above 
5 substances: pharmaceutical conpositions and antiviral agents comprising the above substances as an active ingredi- 
ent. In addition, there are also provided uses of the above substances for the manufacture of pharmaceutical composi- 
tions having antiviral activity, and methods for treatment of viral infectious diseases comprising the step of administering 
a therapeutically effective annount of the above substance to a patient 

10 Best Mode for Can7ing Out the Invention 

In the phosphonate nucleotide derivatives of the above general formula (I), examples of the C^-Cq alkyI group rep- 
resented by R\ R^, R^. and R* include, for example, methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl 
group, isobutyl group, sec-butyl group, tert-butyl group, n-pentyl group, n-hexyl group or tiie like. 
IS Examples of the Cy-C^o aralkyl group represented by and R^ include, for example, benzyl group, phenetiiyl 
group, phenylpropyl group, phenylbutyl group or the like. 

In particular, hydrogen atom and a CrC4 alkyl group are prefenred as R\ and a C1-C4 alkyI group, benzyl group, 
and phenyl group are prefen-ed as R^. As R^, a C1-C4 alkyl group and phenyl group are particularly prefen-ed. The Cr 
C4 alkyl group represented by R^ may be, for example, methyl group, etiiyl group, n-propyl group, isopropyl group, n- 
20 butyl group, isobutyl group, sec-butyl group, tert-butyl group or tiie like. 

The acyloxymethyl group represented by R^ and R'^ may be, for exanple, acetyloxymethyl group, propionyloxyme- 
thyl group, butyryloxymethyl group, isobutyryloxymethyl group, valeryloxymethyl group, isovaleryloxymethyl group, 
pivaloyloxymethyl group or tiie like. 

The acylthioethyi group represented by R^ and R^ nfiay be. for exanple, acetytthioetiiyi group, propionylti^ioetiiyl 
25 group, butyrylthioethyl group, isobutyryltiiioethyl group, valerylthioethyi group, isovaleryltiiioetiiyl group, pivaloyltfiioethyl 
group or the like. 

In the ethyl group sut>slituted with one or more halogen atoms represented by R^ and R^, the halogen atom 
includes fluorine atom, chlorine atom, bromine atom, and iodine atom. Examples of the ethyl group substituted with one 
or more halogen atoms include 1-fluoroethyl group, 2-fluoroethyl group, 1-chloroethyl group, 2-chloroetiiyl group. 2-bro- 

30 moethyl group, 2,2-drfluoroethyl group. 2,2<lichloroethyi group, 2,2<ilbromoethyl group, 2,2.2-trifluoroethyi group. 
2.2,2-trichloroetiiyl group. 2,2.2-tribromoethy! group and the like. In particular, ethyl groups substituted at tfie 2-position 
are preferred, and fluorine atom is preferred as the halogen atom. 

As R^ and R^, a Ci-Cg alkyl group or an ethyl group substituted with one or more halogen atoms are preferred, and 
2,2,2-trrfluoroethyl group is particularly preferred. ' 

35 Examples of the C1-C4 hydroxyalkyi group represented by R^ include hydroxymethyl group. 1-hydroxyethyl group. 
2-hydroxyethyi group, 1-hydroxypropyl group. 2-hydroxypropyl group. 3-hydroxypropyl group, 1-hydroxybutyl group. 2- 
hydroxybutyl group, 3-hydroxybutyl group, 4-hydrQxybutyl group and the like. 

In tfie C1-C4 alkyl group substituted with one or wore halogen atoms represented by R^, examples of tiie halogen 
atom include fluorine atom and chlorine atoms or the like, and exanrples of the C1-C4 alkyl group include methyl group, 

40 ethyl group, n-propyl group, isopropyl group, n-butyl group, isobutyl group, sec-butyl group, tert-butyl group or the like. 
Examples of the C1-C4 alkyl group substituted with one or more halogen atoms include f luorometiiyl group, dif luorome- 
thyl group, trifluorom ethyl group, fluoroetiiyl group, chloroethyl group, fluoropropyl group, chloropropyl group, fluorobutyl 
group, chlorobutyl group arxd the like. 

Hydrogen atom or a -C4 alkyl group is prefen-ed as R^. 

45 The compounds of tiie present invention are characterized in that they have higher antiviral activity compared to a 
compound disclosed in European Patent Publication No. 632,048, which is derived by the replacement of the amino 
group at the 6-position of purine ring with a substituted amino group, and that they are safer to living bodies and can 
achieve higher oral absorbability. Among the compounds of tiie present invention, its has been found that those having 
phenyl group as R^ are characterized to have lower toxidty compared to those having an alkyl group or aralky! group 

50 as R^. and those having an alkyl group as R^ are charactenzed to have lower toxicity compared to tiiose having hydro- 
gen atom, hydroxyalkyi group, or an alkyi group substituted witii one or more halogen atonrts as R^. 

Examples of particularly prefen-ed compounds among the compounds of tiie present invention include: 

2-amino-9-[2-03is(2.2,2-trifluoroethyl)phosphonylmethoxy]etfiyO-6-(phenylamino)purine; 
55 2-amino-9-[2-[bis(2,2,2-trifluoroethyl)phosphonyImethoxy]etiiyO-6-(N^ 

2-amino-9-[2-[bis(2,2,2-trifluoroethyl)phosphonylmethQxylpropyl]-6-(phenylamin^^^ 
2-amino-9-[2-[bis(2,2,2-trifluoroethyl)phosphonylmethoxy]propyO-6-(N-methylph^^ ard 
2-amino-9-[2-[bis(2,2,2-ti'ifluoroethyl)phosphonyimethaxylpropyO-€-(dimethylamino)purine. 
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The phosphonate nucleotide derivatives of the present invention represented by the aljove general tbrmula (I) may 
form pharmacologically and pharmaceutically acceptable salts. Specific examples of such salts include, when they 
have an addic group, a metal salt such as lithium salt, sodium salt, potassium salt, magnesium salt, and calcium salt, 
an amnrronium salt such as ammonium salt, methyiammonium salt, dimethylammonium salt, trimethylammonium salt, 

5 and dicyclohexylammonium salt and other. When a basic group exists, they can form mineral add salts such as hydro- 
chloride, hydrobromlde. sulfate, nitrate, and phosphate, or organic acid salts such as methanesulfonate, benzenesul- 
fbnate, p-toluenesulfbnate, acetate, propionate, tartrate, fumarate. maleate. malate, oxalate, sucdnate, citrate, 
benzoate. mandelate, dnnamate, and lactate. 

The phosphonate nucleotide derivatives of the present invention represented by the above general formula (1) and 

10 . salts thereof may exist in the form of a hydrate or a solvate. Examples of solvents which can form the solvate include 
methanol, ethanol. isopropanol. acetone, ethyl acetate, methylene chloride and the like. It should be understood that 
the compounds represented by the general formula (I) as a free form and salts thereof, and their hydrates and solvates 
fall within the scope of the present invention. 

Specific examples of the compound of the present invention are shown in Table 1 set out below. In the table. "Me" 

IS represents methyl group. "Et" represents ethyl group, "n-Pr" represents n-propyl group. "i-Pr" represents isopropyl 
group, "n-Bu" represents n-butyl group, "t-Bu" represents tertiary butyl group, and Th" represents phenyl group. 
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Methods for preparing the compounds of the present invention will be explained below. Among the compounds rep- 
resented by the general formula (I), the compounds wherein and R"* are a OyC^ alkyi group or an ethyl group sub- 
stituted with one or more halogen atoms can be prepared, for example, according to Reaction Route (1) or (2) set out 
below. 
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In the above scheme, , R^, R®, and X have the same meanings as those defined above, and R® represents a 
C4 alky! group or an ethyl group substituted with one or more halogen atoms. "W" represents a leaving group such as 
a halogen atom, p- toluenesulfonyloxy group, methanesuffonyloxy group, a trif luoromethanesulfonyloxy group. 

A compound of the above general formula (II) and a compound of the above general formula (III) are first allowed 
to react with each other at a temperature of 10-250*C, preferably 130-1 SCC for 0.1-20 hours, preferably 3-6 hours. A 
compound of the above general formula (IV) obtained by the above reaction can be separated and purified according 
to an ordinary means for separation and purification such as distillation, adsorption or partition chromatography, if nec- 
essary The compound of the above general formula (IV) can be used for the next step after separation and purification 
as explained above, or alternatively the product may be subjected to the following reaction without purification. 

The compound of the above general formula (IV) is then allowed to react witii a compound of the above general 
formula (V) at a temperature of 10-200*C. preferably SO-ISCC for 0.1-100 hours, preferably 5-20 hours in a suitable 
solvent such as acelonitrile, tetrahydrofuran, dimethyl sulfoxide, dimethyHormamide, or methyipyrrolidone in the pres- 
ence of a base such as sodium carbonate, potassium carbonate, cesium carbonate, sodium hydride, potassium 
hydride, trietiiylamlne, or diazabicycloundecene to obtain a compound of tiie above general formula (I"). 

Sources of the compound of the above general formula (II) as the starting material for Reaction Route (1). the com- 
pound of the above general formula (III), and tiie compound of ttie above general formula (IV) are not particularly lim- 
ited. Those commercially available as reagents can be used, or those synthesized by a method known, per se, can also 
be used. A compound of tiie general formula (V) can be obtained by heating a compound of the general fonnula(Vl) and 
a compound of the general formula (VIII). which are mentioned later, at a tenrperature of 50-100**C in a suitable solvent 
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such as acetonitrile or dimethyl sulfoxide. 

The compound of the above general formula (I*) can also be pr^ared by the method set out below. 



Reaction route (2) 




0 

W-CH2CHOCH2-^-OR^ 



R5 
(IV) 



OR^ 




NR1r2 



NHR^R^ 
(VB) 




CH2CHOCH2P-ORS 

R5 0R6 
(VII) 



>i2CHOCH2P-OR6 
R5 0R6 

(!') 



In the above general formulas B\ R^. R^, R®, X. and W have the same meanings as those defined above. 

The compound of the above general formula (IV) obtained in Reaction Route (1) and a compound of the above gen- 
eral formula {VI) are allowed to react with each other at a temperature of 10-200'C, preferably 50-150°C for 0.1-100 
hours, preferably 5-20 hours in a suitable solvent such as acetonitrile. tetrahydrofuran. dimethyl sulfoxide, dimethyHor- 
mamide. or methyipynolidone in the presence of a base such as sodium carbonate, potassium carbonate, cesium car- 
bonate, sodium hydride, potassium hydride, triethylamine, or diazabicycloundecene to obtain a compound of the above 

general formula (VII). . _ .1. u 

The compound of the above general formula (VII) can be allowed to react with an amine represented by the above 
general formula (Vlll) or hydrochloride thereof at a temperature of 10-200'C. preferably 70-120''C for 0.1-100 hours, 
preferably 5-12 hours in a suitable solvent such as acetonitrile. tetrahydrofuran. dimethyl sulfoxide, dimethylformamide, 
or methylpyrrolidone optionally in the presence of a suitable tertiary amine to obtain a compound of the above general 
formula (H. The compound of the above general formula (I*) corresponds to a compound of the general formula (I) 
wherein each of and R'^ is a CyCe alkyi group or an ethyl group substituted with one or more halogen atoms. 

Sources of the compound of the above general formula (VI) as the starting material for Reaction Route (2) are not 
particularly limited. Those commercially available as reagents may be used, or those synthesized by a method known 
per se may also be used. 
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The compound of the general formula (Y) is further reacted to obtain a compound of the general formula (I) having 
a substituent other than of the compound of the general formula (I'). 

A compound of the general formula (I) wherein and R^ are hydrogen atoms can be obtained by hydrolyzing the 
compound of the above general formula (I*). 

5 A compound of ttie general formula (I) wherein R^ is hydrogen atom, a CrCg alkyl group, an acylthioethyl group, 
or an ethyl group substituted with one or more halogen atoms, and R^ is a CyC^ alkyl group or an ethyl group substi- 
tuted with one or more halogen atoms can be prepared by reacting the compound of the above general formula (0 with 
a compound of the general formula R^OH (IX) wherein R^ represents hydrogen atom, a Ci-C4 alkyl group, an acylth- 
ioethyl group, or an ethyl group substituted with one or more halogen atonre at a temperature of 10-100*'C. preferably 

10 20-30*C for 0. 1 -1 00 hours, preferably 5-12 hours without solvent or in a suitable solvent, for example, chlorine-contain- 
ing solvent such as dichloromethane, pyridine, acetonitrile, tetrahydrofuran, dimethyl sulfoxide, dimethylfomfiannide, or 
methylpyrrolidone, and optionally in the presence of an acid such as p-toluenesulfonic acid, methanesulfonic add. 
hydrochloric acid, or phosphoric acid. 



75 



20 



25 




The compounds of the general formula (1) wherein R^ and each independently represent hydrogen atom, a C^- 
Ce alkyl group, an acylthioethyl group, or an ethyl group substituted with one or more halogen atoms can be obtained 
35 according to the method set out below. 
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10 



15 



CH2CH0CH2P(0H)j 

d") 



Et2NSiMe3 CICOCOCI 




CH2CHOCH2PCI2 
R5 
(X) 



20 



25 



30 



(XI) 
R^OH 



NR1r2 



(XB) 
R90H 




CH2CH0CH2P(0R8)0R9 
R5 

(XI) 



35 



40 



45 



50 



55 



In the above general formulas, . R^, R^. and X have the same meanings as those defined above, and R^ and R^ 
each irelependently represent a C1-C4 alkyi group, an acylthioethyl group, or an ethyl group substituted with one or 
more halogen atoms. 

A compound of the above general formula (I") is first reacted with trimethylsilyldiethylamine at a temperature 
around room tenrperature for about one hour in a suitable solvent, for example, a chlorine-containing solvent such as 
dichloromethane, dichloroethane, or chloroform. For this reaction, 2 moles or more of trimethylsilyldiethylamine should 
be used per 1 mole of the compound of the above general formula (1"). Then, the reaction mixture is concentrated to 
dryness, and the resulting residue is dissolved in a suitable solvent, for example, a chlorine-containing solvent such as 
dichloromethane. To this solution, 2 moles or more of cxalyl chloride per 1 mole of the compound of above general for- 
mula (IT is added, and the mixture is allowed to react for about 1 hour under ice cooling and then for about 1 hour at 
room temperature in the presence of catalytic amount of dimethylformamide. 

After evaporating the solvent, the resulting compound of the above general formula (X), usually without further puri- 
fication, is allowed to react with a compound of the general formula (XI) and/or a conpound of the general formula (XII) 
at a temperature of 10- 100'C, preferably 20-30*C for 0.1-100 hours, preferably 5-12 hours in a suitable solvent such 
as chlorine-containing solvent such as dichloromethane, pyridine, acetonrtrile. tetrahydrofuran, dimethyl sulfoxide, 
dimethylformamide and methylpyrrolidone. The resulting compound of the general formula (XIII) corresponds to a com- 
pound of the general formula (1) wherein each of and R^ independently represents hydrogen atom, a CrC4 alkyI 
group, an acylthioethyl group, or an ethyl group substituted with one or more halogen atoms. 

The compounds of the above general formula (0 used as the starting material for the above reaction can be 
obtained by hydrolyzing compounds of general formula (0, as already explained above, or they can be efficiently 
obtained by preparing compounds of the above general formula (H from compounds of the above general formula (IV) 
wherein R® is a C1-C4 alkyI group, and then reacting the resulting product with triethyliodosilane, trimethylbromosilane 
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or the like. 

A corrpound of general formula (I) wherein each of and is an acyloxymethyl group can be obtained by react- 
ing a compound of the genera! formula (H with an acyloxymethyl halide represented by the general formula: (XIV) 
wherein R^° represents an acyloxymethyl group, and Y represents chlorine atom, bromine atom or iodine atom, at a 
temperature of 0-200°C. preferaWy 10-100*C for 1-300 hours, preferably 10-200 hours in a suitable solvent such as 
acetonitrile. tetrahydrofuran. dimethyl sulfoxide, dimethytformamide. or methylpyrrolidone in the presence of a base 
such as sodium carbonate, potassium cartDonate, cesium carbonate, sodium hydride, potassium hydride, triethylamine. 
pyridine, diazabicydoundecene, or N,N'-dicyclohexyl-4-morpholinecariDOxamidine. 

The compound of the above general fomiula (I) obtained as described above can be separated from a reaction mix- 
ture and purified, rf necessary, by applying an ordinary method for separation and purification of a nucleotide compound 
which can be suitably chosen from, for example, recrystallization, adsorption chromatography, ion exchange chroma- 
tography, partition chromatography and the like. 

The compounds of the present invention have antiviral activity, as demonstrated in the test examples described 
later, and are expected to have antitumor activity in the same manner as otiier ionic phosphorate nucleotide analogues. 
Target viruses are not particularly limited. Specific examples include RNA viruses such as human Immunodeficiency 
virus, influenza virus and h^atitis C virus, and DNA viruses such as herpes simplex virus 1, herpes simplex virus II, 
cytomegalovirus, herpes zoster varicellosus virus, and hepatitis B virus, and a prefen^ed example includes hepatitis B 
virus. 

When the corrpound of the present invention or a pharmaceutically acceptable salt thereof, or a hydrate or a sol- 
vate thereof is used as medicaments, the substance, per se. can be administered, or administered as a pharmaceutical 
composition prepared in combination with a pharmaceutically acceptable earner. A sort of the pharmaceutical compo- 
sition can be decided depending on solubility and chemical properties of tiie substance, route of administration, dosage 
regimen and the like. For example, the pharmaceutical composition can be orally administered as a formulation such 
as, for example, granules, fine granules, powders, tablets, hard syrups, soft capsules, troches, syrups, emulsions, soft 
gelatin capsules, gels, pastes, suspensions, or liposome formulations, or administered intravenously, irtramuscularly, 
or subcutaneously as an injection. The pharmaceutical composition may also be formulated as a powder for injection, 
and administered as an Injection prepared upon use. 

The pharmaceutically acceptable carriers include organic or inorganic solids or liquids for manufacturing pharma- 
ceutical preparations suitable for oral, enteral, parenteral, or topical administration. Exanples of the solid earners for 
manufacturing solid pharmaceutical compositions include, for example, lactose, sucrose, starch, talc, cellulose, dextrin, 
kaolin, calcium cartDonate, agar, pectin, stearic acid, magnesium stearate. lecithin, sodium chloride and the like. Exam- 
ples of the liquid carrier for manufacturing liquid pharmaceutical compositions for oraJ administration include glycerin, 
peanut oil, polyvinylpyn-olidone, olive oil, ethanol, benzyl alcohol, propylene glycol, physiological saline, water and the 
like. 

The pharmaceutical composition of tiie present invention may also contain auxiliaries other than the earner men- 
tioned above, for example, moistening agents, suspending aids, sweeteners, aromatics. colorants, preservatives and 
the like. Liquid pharmaceutical compositions may be encapsulated in capsules made of absorbable material such as 
gelatin and administered as capsules. Solvent or suspending medium used for the preparation of pharmaceutical com- 
positions for parenteral administration, i.e., injection or tiie like, may be, for example, water, propylene glycol, polyethyl- 
ene glycol, benzyl alcohol, ethyl oleate; lecitiiin or the like. 

The conpounds of the present invention, in particular, ester derivatives represented by tiie above general formula 
(O have high oral absorbability, as demonstrated in tiie test examples described later, and accordingly, pharmaceutical 
corrpositions for oral administration are pretended compositions among tiie pharmaceutical compositions of tiie present 
invention. The aforementioned f^armaceutieal compositions can be prepared according to ordinary and conventional 
methods. 

Dose may generally be witiiin tiie range of 1 -500 mg/kg, preferably 5-50 mg/kg for an adult based on the conpound 
of the present invention as an active ingredient, when tiie medicament is administered orally However, ttie dose may 
be appropriately increased or decreased for an administration depending on. for example, age, symptoms, and condi- 
tions of a patient, or a use or no use of other drug administered in combination. The aforementioned daily dose may be 
administered once a day, or tiie dose may be divided into two or several portions and administered witii appropriate 
intervals. In addition, an administration can be performed intermittentiy. When used as injection, daily dose may gener- 
ally be witiiin the range of 0.1-50 mg/kg, preferably 0.1-5 mg/kg for an adult based ttie compound of the present inven- 
tion as an active ingredient 

Examples 

The present invention will be further explained more specifically by referring to the following examples. Howe/er, 
the scope of tiie present invention is not limited to the following exanrples. 
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Example 1 : Preparation of 2-amirx)-9-[2-[bis(2,2.2-trif Iuoroe%0Phosphonylmethoxy]ethyq-6-(dimet^ 
(Comp und Na 11 in Table 1) 

2-ChIoroethyl c^loromethyl ether (87 g, 670 mmol) and tris(2,2,2-trifluoroethy!)phosphite (200 g. 610 mmol) were 
allowed to react at 160'G for sevai hours to obtain 2-[bis(2,2.2-trifluoroethyl)phosphonylmethaxy]ethyl chloride quanti- 
tatively. 

The 2-[bfs(2.2,2-trifluoroethyl)i^osphonylmethoxy]ethyl chloride (206 g) was dissolved in methyl ethyl ketone 
(2000 ml) and the solution was heated under reflux with sodium iodide (270 g) for eight hours. After the reaction was 
completed, the mixture was cooled to room temperature, and concentrated to dryness. The residue was dissolved in 
chloroform/hexane and adsorbed on a silica gel in a column, and then eiuted wifri chlorofbmn/hexane to obtain 2- 
[bis(2,2,2-trrfluoroethyl)phosphonylmethQxy] ethyl iodide quantitatively. 

2-Amino-6(dimethylamino)purlne (7,1 g, 40 mmoO was suspended in dimethyl sulfoxide (300 ml), and reacted with 
1 ,8-dia2abicyclo[5.4.0]undec-7-ene (6.6 ml, 44 mmol) at 100*»C for one hour. Then, 2-[bis(2.2.2-trifluoroethyI)phospho- 
nylmethoxyj-ethyl iodide (1 1 .5 ml) was added to the reaction mixture, and the mixture was allowed to react at 1 00*0 for 
two hours. After the reaction was completed, the mixture was cooled to room temperature, and then concentrated to 
dryness. The residue was dissolved in chloroform and adsorbed on a silica gel in a column, and then eiuted with 5%- 
methanol/chloroform to obtain the title compound (2.35 g. 12%) having the physicochemical properties set out below. 

m.p. : 90-92*C (dlisopropyl ether) 

^H-NMR (CDCI3, 5): 3.45 (s, 6H), 3.96-3.85 (m, 4H), 4.20-4.43 (m, 6H), 4.64 (s, 2H), 7.51 (s, 1H) 

Example 2: Preparation of 2-amino-9-[2[bis(2,2.2-trHluoroethy)phosphonytmethoxy]ethyl]-6-(dimethylamino)purine 
(Compound No. 1 1 in Table 1) 

2-Amino-6-chloropurine (15.0 g, 88 mnrol) was suspended in dimethyl-formamide (360 ml), and reacted with 1,8- 
diazabicyclo[5.4.0]undec-7-ene (13.9 ml, 93 mmol) at 80*C for one hour. Then. 2-[bis(2,2.2-trrfluoroethyl)phosphonyl- 
methoxyl-ethyl iodide (23.8 ml) was added to the reaction mixture, and the mixture vras allowed to react at 100*C for 
five hours. After the reaction was completed, the mixture was cooled to room terr^erature and concentrated to dryness. 
The residue was dissolved in chloroform and adsorbed on a silica gel in a column, and eiuted with 5%-methanol/chlo- 
roform to obtain 2-amino-9-[2-[bis(2.2,2-trifluoroethyl)phosphonyl methoxy]ethyl]-6K:hloropurine (23.3 g. 56%). 

Triethylamine (0.28 ml) and dimethylamine hydrochloride (0.16 g) were added to a solution of the 2-amino-9-[2- 
[bis(2.2.2-trrfluoroethyl)phosphonylmethoxy]ethyl]-6-chloropurine (0,47 g. 1.0 mmol) obtained above in dimethytforma- 
mide (4.5 ml), and the mixture was stin-ed at 1 00*C for five hours. The reaction mixture was cooled to room temperature 
and concentrated to dryness. The residue was dissolved in chloroform and adsorbed on a silica gel in a column, and 
then eiuted with 5%-methanol/chloroform to obtain 2-amino-9-I2-[bis(2,2.2-trifluoroethyl)phosphonylmethoxy]ethyI]-6- 
(dimethylamino)purine (0.33 g. 69%). 

Example 3 Preparation of 2-amino-9-I2-[bls(2.2.2-trrfluoroethyl)phosphonylmethoxy]ethyl]-6-(diethylamino)purine 
(Compound No. 16 in Table 1) 

The title compound having the physicochemical properties set out below was obtained in the same manner as in 
Example 2, except that diethylamine was used instead of the dimethylamine hydrochloride. 

m.p.: 105-106*'C (diisopropyl ether) 

^H-NMR (CDCI3. 5): 1.24 (t. J =6.9Hz. 6H), 3.80-4.10 (m, 6H). 4.20-4.48 (m, 6H), 4.54 (s, 2H). 7.51 (s. 1H) 

Example 4: Preparation of 2-amino-9-[2-[bis(2,2.2-trif luoroethyOphosphonylmethoxy]ethyO-6-(1 . 1 KJipropylamino)purine 
(Compound No. 20 in Table 1) 

The title conrpound having the physicochemical properties set out below was obtained in the same manner as in 
Example 2, exc^ that 1 .1 -dipropylamine was used instead of the dimethylamine hydrochloride. 

m.p. : Symp 

^H-NMR (CDCI3, 6): 0.93 (t, J =7.4Hz. 6H). 1.68 (tq. J =7,6Hz. 4H). 3.60-4.10 (m. 8H). 4.17-4.50 (m, 6H), 4.60 (s. 
2H), 7.49 (s. 1 H) 
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Example 5: Preparation of 2-amino-9^2-[bis(2.2.2-trifluoroethyOphosphonylmethoxy]ethyq-6-(m^^^ 
pylamino)purine (Compound No. 13 in Table 1) 

The title compound having the physicochemical properties set out below was obtained in the same manner as in 
Example 2, except that methyl-1 -propylamine was used instead of the dimethylamine hydrochloride. 

m.p. : 88-90'C (diisopropyl ether) 

^H-NMR (CDCI3, 5): 0.94 (t. J =7.4Hz, 6H). 1.55-1.83 (m. 2H), 3.37 (bs. 3H), 3.80-4.10 (m. 6H), 4.20-4.46 (m. 6H). 
4.56 (S,2H). 7.50 (s, 1H) 

Example 6: Preparation of 2-amlno-8-aza-9-[2[bis{2,2.2-trrfluoroethyl)phosphonylmethoxy]ethyl]-6-(dimethyl- 
amino)purine (Compound No. 21 in Table 1) 

The title compound having the physicochemical properties mentioned below was obtained in the same manner as 
in Example 1, except that 2-amino-8-a2a-6-(dimethylamino)purine was used Instead of the 2-amino-6-(dimethyl- 
amino)purine. 

m.p. : 184-187''C (chloroform) 

^H-NMR (DMSO-de, 6): 0.94 (t. J =7,4Hz, 6H), 1.55-1.83 (m, 2H). 3.37 (bs. 3H). 3.80-4.10 (m. 6H), 4.20-4.46 (m. 
6H), 4.56 (S.2H). 7.50 (SJH) 

Example 7: Preparation of 2-amino-9-[2-[bis(2,2,2-trifluoroethyl)phosphonylmethoxy]€thyl]-6-(benzylmethyl- 
amino)purine (Compound No. 129 in Table 1) 

The title compound having the physicochemical properties set out below was obtained in the same manner as in 
Example 2, except that benzylmethylamine was used instead of the dimethylamine hydroc^iloride. 

m.p. : 103-105''C (diisopropyl ether) 

^H-NMR (DMSO^ie. &): 3.22 (bs, 3H). 3.85 (t, J =4,9H2, 2H), 4.03-4.16 (m, 4H). 4.53-4.80 (m, 4H), 5.22 (bs, 2H), 
5.89 (s, 2H), 7.12-7.40 (m, 5H), 7.67 (s, 1H) 

Example 8: Preparation of 2-amino-9-[2-[hexyl-(2.2,2-trifluoroethyl)phosphonyImethaxy]ethyl]-6-(dimethylamino)purine 

p-Toluenesulfonic acid (10 mg) was added to a solution of 2-amino-9-[2-[bis(2,2,2-trffluoroethyl)phosphonylmeth- 
oxy]ethyO-6-(dimethylamino)purine (0.96 g. 2.0 mmol) in 1 -hexanol (5 ml), and the nnixture was stirred at 1 1 0**C for ten 
hours. The reaction mixture was cooled to room temperature and concentrated to dryness. The residue was dissolved 
in chloroform and adsorbed on a silica gel In a column, and eluted with 1%-methanol/chloroform to obtain the title com- 
pound (771 mg, 80%). 

^H-NMR (CDCI3, 5): 0.88 (t, J =6.6Hz, 3H), 1.20-1 .46 (m. 6H), 1.55-1.72 (m, 2H). 3.45 (s. 6H), 3.80-3.96 (m, involv- 
ing d at 3,83. J =8.2Hz, 4H), 4.00-4.16 (m, 2H), 4.18-4.46 (m, 4H), 4.61 (s. 2H), 7.54 (s. 1H) 

Example 9: Preparation of 2-amino-9-[2-bis(2,2,2-trifluoroethyl)phosphonylmethoxy]ethyi]-6-(isopropylmethyl- 
amino)purine (Compound No. 14 in Table 1) 

The title compound having the physicochemical properties set out below was obtained as oil in the same nnanner 
as in Example 2, except that isopropylmethylamine was used instead of the dimethylamine hydrochloride, 

^H-NMR {CDCI3, 6): 1.24 (d. J =6.7Hz, 6H). 3,21 (s, 3H), 3.88-4.02 (m, 4H). 4.17-4,50 (m, 6H). 4.57 (s, 2H). 7.51 
(S.1H) 

Example 10: Preparation of 2-amino-9-[2-[bls(2,2,2-trifluoroethyl)phosphonylmethoxy]ethyl]-6-(methylphe- 
nylamino)purine (Compound No. 621 in Table 1) 

The title compound having the physicochemical properties set out below was obtained in the same manner as in 
Example 1, except that 2-amino-6-(methyl phenylamino)purine was used instead of the 2-amino-6-(dimethyl- 
amino)purine. 
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m.p. : 147-152*0 (ethyl acetate, diisopropyl ether) 

^H-NMR (CDCI3. 6): 3.78 (s, 3H), 3.86-3.96 (m. involving d at 3.91 , J =7.8Hz, 4H). 4.18-4.48 (m. 6H), 4.61 (s. 2H). 
7.24-7.52 (m. 6H) 

5 Exannple 1 1 : Preparation of 2-arTTino-9-[2-[bis(2.2.2-trif luoroethyl)phosphonylnfiethoxy]ethyO-6-(phenylaniino)puri 
(Compound Na 613 in Table 1) 

The title conrpound having the physicochemical properties set out below was obtained in the same manner as in 
Example 1 except tiiat 2-amino-6-(phenylamino)purine was used instead of the 2-amino-6-(dimetiiylamlno)purine. 

10 

m.p : 126*0 (isopropanol) 

^H-NMR (CDCI3. 6): 3.93-3.97 (m, 4H). 4.25-4.44 (m, 6H). 4.82 (s. 2H), 7.05-7.77 (m, 6H) 

Example 12: Preparation of 2-amino-9-[2-[bis(2.2,2-trifluoroethyl)phosphonylmethoxy]propyl]-6-(phenylamino)purine 
15 (Compound Na 749 in TaWe 1) 

The title compound having the physicochemical properties set out below was obtained in the same manner as in 
Example 1, except that 1-chioroisoprapyl chloromethyl ether and 2-amino-6-(phenylamino)purine were used Instead of 
the 2-chloroethyl chloromethyl ether and the 2-amino-6-(dimethylamino)purine. respectively. 

20 

m.p : Syrup 

^H-NMR (CDOI3. 6): 1.26 (d. J =5.9Hz, 3H). 3.76-3.88 (m. 1H). 3.90-4.10 (m. 3H). 4.16-4.24 (m. 1H). 4.30-4.46 (m, 
4H). 4.79 (s, 2H). 7.07 (t. J =:7.4Hz. 1H), 7.35 (t. J =7.6Hz. 2H), 7.52 (s. 1H). 7.60 (s. 1H). 7.75 (d, J =7.6Hz. 2H) 

25 Test Example 1 : Activity for inhibiting proliferation of Hepatitis B virus (HBV) 

Inhibitory activity of the compounds of the present invention against proliferation of HBV was measured by a known 
method (K. Ueda. et al., VIROLOGY. 169, 213-216 (1989)). 

2 X lO'* HB61 1 cells (recombinant human liver cancer cells producing HBV) were cultured in Dulbecco's ME 

30 medium containing 10% fetal bovine serum, streptomycin (100 }XQ/ml), penicillin (iOO lU/ml), and Geneteicin (trade 
name of an antibiotic sold by Life Technologies. 0,2 mg/ml) at 37*0. The medium was changed witii fresh medium on 
the second day and f iftfi day of the culture, and then changed with a medium containing a test compound at a final con- 
centration of 1 0 jiM or 1 fiM on the 8th, 1 1 th and 1 4tii days of the culture. DN A of tine cells were collected on the 1 7tti 
day of the culture. Amounts of HBV-DNA in the cells were measured by Southern blotting method and inhibitory rates 

35 against HBV-DNA synthesis were determined. Concentrations of compounds required for 50% death of HB61 1 cells 
were determined. As references, the same test was carried out by using PMEA and its bis(pivaloyloxymetiiyl ester). The 
results are shown in Table 2 below. Compound Nos. in Table 2 correspond to those in Table 1 . 



Compound No. 


Inhibitory ratio against HBV- 
DNA syntiiesis (%) 


50% Cytotoxic concen- 
tration for HB611 cells 

im 




lOfiM 


IfiM 




11 


100 


92 


>1000 


13 


100 




>1000 


15 




86.7 


>1000 


16 


100 




>1000 


21 


100 




>1000 


621 




68 


> 1000 


PMEA 


83 




334 


PMEA ester^ 


90 


63.7 


18 



PMEA bis(plva]oyloxymethyl ester) 
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Test Example 2: Inhibitory effect on HBV proliferation in a serum of a rat orally administered with a test compound 

A group consisting of three rats was orally administered with a test compound at a dose of 1 g/kg or 0.3 g/kg by a 
single oral administration. Blood of the rats was collected one hour after the administration and serum samples were 
prepared. 

2x10^ HB61 1 cells were cultured in Dulbecco's ME medium containing 10% fetal bovine serum, streptomycin (100 
^ig/ml), penidilin (100 lUAnI) and Geneteicjn (0.2 mg/ml) at 37*»C. The medium was changed with fresh medium on the 
second day and fifth day of the culture, and then changed with a medium containing 5% of the above serum (the serum 
of the rat orally administered with a test compound) on the 8th, 1 1th and 14th days of the culture. DNA of the ceils were 
collected on the 1 7th day of the culture. Amounts of HBV-DNA in the cells were measured by Southern blotting method, 
and Inhibitory ratios against HBV-DNA synthesis in the cells were determined. As a reference, the same test was car- 
ried out by using PMEA. The results are shown in Table 3 below. Compound Nos. in Table 3 correspond to those in 
Table 1. 



Table 3 



Conpound No. 


Dose of oral administra- 
tion (g/kg) 


Inhibitory ratio against 
HBV-DNA synthesis (%) 


11 


0.3 


95.6 


13 


0.3 


100 


PMEA 


1 


35.5 



Test Example 3: Micronucleus test using mice 

A test compound was administered to mice at a dose of 1 ,000 or 2.000 mg/kg. and bone marrow smear prepara- 
tions were prepared at 24, 30. 48, and 72 hours after the administration. For a negative control group (0.5% aqueous 
solution of tragacanth gum) and a positive control group (2 mg/kg of mitomycin C (MMC) was administered as a single 
intraperitoneal administration), bone man-ow smears were prepared at 24 hours after the administration. The samples 
were stained by the Giemsa's staining method in an ordinary manner, and then 2.000 polychromatic erythrocytes per 
animal were examined to determine the number of cells having miaonuclei and frequency of appearance of micronuclei 
(%). As statistic analysis, significant difference test was can-ied out for polychromatic erythrocytes containing micronu- 
clei between the negative control group and the group administered with a test conrpound according to the stochastic 
method of Kasternbaum and Bowman. 

For comparison, the same test was canied out by using an unsubstituted 6-amino derivative, i.e.. 9-2-[bis(2,2.2-tri- 
fluoroethyl)phosphonylmethoxy]ethyl]-2.6-diaminopurine (abbreviated as "DAP"), and PMEA bis{pivaloyloxymethyl 
ester). The results are shown in Table 4 below. Compound Nos. in Table 4 correspond to those in Table 1 . 



Table 4 



Compound No. 


Test result 


11 


Negative 


13 


Negative 


DAP 


Positive 


PMEA ester^ 


Positive 



^ PMEA bis(pivaloyloxyme- 
thyl ester) 



Industrial Applicability 

The phosphonate nucleotide derivatives of the present invention have excellent antiviral activity and high oral 
absorbability. Therefore, they are expected to be useful as medicaments. 
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Claims 

1 . A phosphonate nucleotide derivative represented by the following genera) formula (I) or a salt there f. or a hydrate 
or a solvate thereof: 



(I) 



wherein represents hydrogen atom, a CyCs alkyl group, or a C7-C10 aralkyi group; represents a CyCe alkyi 
group, a CrC-to aralkyi group, or phenyl group; R^ and R^ independently represent hydrogen atom, a CyCs alkyl 
group, an acyloxymethyl group, an acylthioethyl group, or an ethyl group substituted with one or more halogen 
atoms; R^ represents hydrogen atom, a C1-C4 alkyl group, a CyC^ hydroxyalkyi group or a Ci-C4 alkyl group sub- 
stituted with one or more halogen atoms; and X represents carbon atom or nitrogen atom. 

2. The compound or the salt thereof, or the hydrate or the solvate thereof according to daim 1 , wherein R*" is hydrogen 
atom or a CrC4 alkyl group; R^ is a C1-C4 alkyl group, benzyl group, or phenyl group; R^ and R'* are independently 
a OyCQ alkyl group or an ethyl group substituted with one or more halogen atoms; and R^ is hydrogen atom or a 
C1-C4 alkyl group. 

3. The compound or the salt thereof, or the hydrate or the solvate thereof according to daim 1 , wherein R"* is hydrogen 
atom or a CrC4 alkyl group; R^ is a CyC4 alkyl group or phenyl group; R^ and R"* are independently an ethyt group 
substituted with one or more halogen atoms; and R^ is hydrogen atom or a C1-C4 alkyl group. 

4. The compound or the salt thereof, or the hydrate or the solvate thereof according to any one of claims 1 to 3, 
wherein R^ is phenyl group. 

5. The compound or the salt thereof, or the hydrate or the solvate thereof according to daim 1 , wherein R^ is hydrogen 
atom or a C1-C4 alkyl group; R^ is phenyl group; R^ and R^ are independently an ethyl group substituted with one 
or more halogen atoms; and R^ is hydrogen atom or a CrC4 alkyl group. 

6. The compound or the salt thereof, or the hydrate or the solvate thereof according to any one of claims 1 to 3, 
wherein R^ is a C1-C4 alkyl group. 

7. The compound or the salt thereof, or the hydrate or the solvate thereof according to claim 1 . wherein R^ and R^ are 
independently a CyC4 alkyl group; R^ and R^ are independently an ethyl group substituted with one or more hal- 
ogen atoms; and R^ is a Ci -C4 alkyl groip. 

8. The compound or the salt thereof, or the hydrate or the solvate thereof according to daim 1, wherein said com- 
pound is selected from the group consisting of the following conpounds: 

2-amino-9-[2-[bis(2,2,2-trifluoroethyl)phosphonylmethoxy]ethyG-6-{phenylamino)purine; 
2-amino-9-[2-[bis(2.2.2-trifluoroethyOphosphonylmethoxy]ethyl]-6-(N-methy^ 
2-amino-9-[2-[bis(2.2.2-trifluoroethyOphosphonylmethoxy]propyI]-6-{phenylamino)pu 
2-amino-9-[2-[bis(2,2,2-trifluoroethyl)phosphonylmethoxy]propyl]-6-(N-methyiphenylamino)purine; and 




0 

ch2choch2p-or3 
r5 or* 
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2-aminch9-[2-[bis(2,2.2-trifluoroethyOphosphonylmethoxy]propyO-6Kdim^^^ 

9. A medicament comprising the compound or the salt thereof, or the hydrate or the solvate thereof according to any 
one of claims 1 to 8. 

10. A pharmaceutical composition which comprises the compound or the salt thereof, or the hydrate or the solvate 
thereof according to any one of clairns 1 to 8 together with a pharmaceutically acceptable earner. 

1 1 . An antiviral agent which comprises the compound or the salt thereof, or the hydrate or the solvate thereof according 
to any one of claims 1 to 8 as an active ingredient 

12. A use of the compound or the salt thereof, or the hydrate or the solvate thereof according to any one of claims 1 to 
8 for a manufacture of an antiviral agent comprising the compound or the salt thereof or the hydrate or the solvate 
thereof as an active ingredient 

1 3. A method for therapeutic treatment of a viral infectious disease which comprises the step of administering a thera- 
peutically effective amount of the compound or the salt thereof, or the hydrate or the solvate thereof according to 
any one of claims 1 to 8 to a patient with the viral disease. 
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